ASMEX.282A PATENT 
METHOD AND APPARATUS TO CORRECT WAFER DRIFT 



Background Of The Invention 

5 Field of the Invention 

This invention relates generally to correcting positional change (drift) of a 
workpiece from a nominal position, and more particularly to setting up an apparatus and 
using the apparatus to detect and correct substrate drift in a semiconductor processing 
system. 

10 Description of the Related Art 

A robot is commonly used to transport a substrate, such as a silicon wafer, from 
one location to another in semiconductor processing equipment. For example, wafers 
must be transported from a storage cassette and a wafer holder inside the processing 
chamber. The robot includes an end effector to pick up the wafer from the cassette, 

15 transfer and place the wafer into the processing chamber and then transfer the wafer 

back into its storage cassette after processing is complete. 

The wafer must often be placed with great accuracy. A typical wafer 10 and a 
susceptor 12 for holding the wafer within a single-wafer processing chamber are shown 
in the diagram in Figure 1. For a wafer with a diameter of 200 mm, the pocket on the 

20 susceptor, into which the wafer fits, has a diameter only slightly larger, such as 201 mm. 

There is a very small clearance 14, only 0.5 mm in the illustrated case, between the edge 
of the wafer 10 and the edge of the susceptor pocket. It is important that the wafer be 
centered in the pocket and not touch the sidewalls thereof. If the wafer has contact with 
the sidewalls of the pocket, local temperature changes occur, resulting in temperature 

25 gradients across the wafer. This can cause non-uniformity in process results, as most 

semiconductor processing depends critically on temperature. Similarly, uncentered 
wafers can be damaged during placement in a number of different handling situations. 

The wafer does not normally change position with respect to the end effector 
during wafer transport. Errors in final placement of the wafer, known as "wafer drift/' 

30 are due mainly to variations in wafer position in the cassette at pickup, i.e. 9 the end 
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effector attaches to each wafer at a slightly different location. Therefore it is necessary 
to correct the position of the wafer before it is placed onto the wafer holder. 

Often standalone stations are established for locating the center of a wafer before 
being picked up again by the robot, such that centered placement on the robot end 
effector is assured. Unfortunately, such systems require separate drop-off and pick-up 
operations which consume valuable processing time. It is therefore advantageous to 
correct the wafer's position "in line" or en route. One way this correction is made is by 
altering the drop-off point for the wafer transfer robot based on measurements of the 
wafer position after it is removed from the cassette. 

In the prior art, there are many ways to measure the position of the wafer on the 
robot before the wafer is placed on the susceptor or other destination. It is desirable to 
avoid contact with the wafer, so optical systems are widely used. A light beam is shone 
onto a wafer, and sensors detect either a reflected beam or a portion of a transmitted 
beam when the robot is at a known position. Sensor data is used to determine the wafer 
position. 

Most methods used to to correct the wafer position are based on optical through 
beam sensors that generate an ON/OFF switching output signal. A typical ON/OFF 
type optical sensor consists of a transmitter and a receiver. The transmitter generates an 
optical ray (which may be within the visible spectrum), which is picked up by a 
receiver. If the beam is blocked by an object between the transmitter and the receiver, 
such as a wafer, the output signal state of the sensor changes, for example from OFF to 
ON. Most of these sensors are made with lasers. In systems for measuring wafer 
position, when a wafer edge crosses the beam path, the sensor state changes and a 
register is triggered to record the wafer's position. Since the change in sensor state is 
synchronized with the recording of the wafer position, it is possible to determine the 
position of the wafer based on the time of wafer state change, the speed of robot 
movement, and the recording of the robot position. The actual wafer position is thus 
calculated and the subsequent placement operation uses this actual wafer position. 

The accuracy of the optical measurements depends, in part, on how well the 

position of these optical components are known. Currently, these systems are 

positioned using mechanical means, which are not always accurate. Moreover, typical 
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in line wafer centering systems are rather complex and require many sensors accurately 
positioned. 

A need exists for a simple and reliable system for properly positioning 
workpieces, such as wafer, in robotic transfer. 



Summary of the Invention 
In satisfaction of this need, the present invention provides a system and method 
for determining an amount of a workpiece 's drift from its intended position and for 
10 correcting the same prior to placement at a destination. Furthermore, the present 
invention provides a method for setting up and calibrating an optical system particularly 
useful for the positioning method. 

In accordance with one aspect of the invention, a method is provided for accurately 
positioning a substrate within a semiconductor processing apparatus. The method 

15 includes loading a reference substrate onto a robot and moving the robot with the 

reference substrate to a nominal robot position at a positioning station. Reference 
substrate data is recorded from a sensor at the positioning station while the robot is at 
the nominal robot position. A process substrate is loaded onto the robot, and the robot 
is moved with the process substrate to the nominal robot position at the positioning 

20 station. Process substrate data is recorded from the sensor, relating to the process 

substrate at the positioning station. Drift of the process substrate relative to the 
reference substrate is calculated. In subsequent robot movement of the process 
substrate, compensation is made for this calculated drift. 

In accordance with another aspect of the invention, a system is provided for accurately 
25 positioning a workpiece during movement thereof. The system includes a positioning 

station that, in turn, includes at least two proportionate sensors aligned parallel to one 
another. Each sensor produces an output inversely proportional to a sensor beam area 
blocked by the workpiece. The system also includes a computer that instructs a robot to 
move the workpiece into a position at the positioning station where at least two of the 
30 sensors have their sensor beams partially blocked by an edge of the workpiece. The 
computer is additionally programmed to read outputs from the sensors, calculate a 



positional drift relative to an expected workpiece position, and adjust a robot position to 
compensate for the positional drift. 

In accordance with another aspect of the invention, a method is provided for orienting at 
least one sensor for determining a position of a substrate. The method includes placing 

5 a sensor within a processing system in an initial orientation. The substrate is moved to a 

plurality of substrate positions and data is collected from the sensor at the plurality of 
substrate positions. The sensor is then adjusted from the initial orientation based upon 
the data collected by sensor. In the illustrated embodiment, this process is used to 
ensure that each of a plurality of sensors is aligned parallel to a direction of substrate 

10 translation during the orientation process, and thus each of the sensors are aligned 
parallel to one another. 

Brief Description of the Drawings 
Figure 1 is a schematic diagram showing a 200 mm wafer in place in the pocket 
15 of a wafer holder or susceptor in both top and cross-section views. 

Figure 2A is a plan view of an example of a semiconductor manufacturing tool 
in which the method of the present invention is employed. 

Figure 2B is a plan view showing the robot of the semiconductor manufacturing 
tool, illustrating the end effector positioning parameters R and 9. 
20 Figure 2C is an enlarged plan view of one of the cooling stations of Figure 2A 

having a centering station established nearby and a robot end effector approaching the 
centering station with a wafer thereon. 

Figure 3 is a flow chart showing a wafer transfer sequence in accordance with a 
preferred embodiment of the present invention. 
25 Figure 4 is a schematic drawing showing a side view of a proportionate sensor, 

utilized in the preferred methods, when the laser beam of the transmitter is partially 
intercepted. 

Figure 5 is a graph that shows the analog voltage response of the proportionate 
sensor of Figure 4 as a function of longitudinal length of laser beam intercepted. 
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Figure 6 is a schematic drawing showing two proportionate sensor systems 
arranged to detect two points at the front edge of a wafer in a centering station, 
according to a preferred embodiment of the present invention. 

Figure 7 is a flow chart showing a preferred process for setting up the sensor 
5 system of Figure 6. 

Figure 8 is a flow chart illustrating a method of aligning the proportionate 
sensors of Figure 6, according to a preferred embodiment of the present invention. 

Figures 9 and 10 are schematic drawings showing two positions of the wafer in 
two different iterations during the alignment method. 
10 Figure 1 1 is a flow chart illustrating a process of calculating wafer drift and the 

adjustment for wafer drift. 

Figure 12 is a schematic drawing showing expected or nominal wafer positions 
at the centering station and the actual location of a drifted wafer. 

15 Detailed Description of the Preferred Embodiment 

The method and apparatus to correct wafer drift of the present invention will 
now be described with respect to preferred embodiments; however, the method and 
apparatus of the present invention are not limited to the illustrated tool. Rather, the 
method and apparatus may be used in any tool or environment in which it is necessary 

20 to place a workpiece in a position with a high degree of accuracy. Moreover, the skilled 

artisan will readily appreciate that the formulas and specific sequences of operation 
described herein are merely exemplary and that variations can be made without 
departing from the spirit and scope of the invention. 
Exemplary Process Tool 

25 An exemplary wafer processing tool is depicted in Figure 2 A. Wafers 210 are 

transferred by a robot 214 from load lock chambers 220, 222. The robot 214 includes 
an end effector 224, which can take the form a paddle, fork, Bernoulli wand, suction 
device, gripper, etc. In the illustrated embodiment, the robot 214 is located in a wafer 
handling or transfer chamber 225 between the load lock chambers 220, 222 and a 

30 process chamber 226, and includes two end effectors. A first end effector comprises a 

paddle for transfer from or to the cassettes and a second end effector comprises a fork or 



Bernoulli wand for transfer from or to the hot process chamber. Wafers 210 are moved 
among a wafer support or susceptor 212 (within the process chamber 226), cool down 
stations 216, 218 and the load lock chambers 220, 222 in accordance with a preferred 
order of operations to be described below. Wafer processing is conducted on susceptor 

5 212 within reaction chamber 226. Wafer staging (before processing) and cool down 

(after processing) are conducted at the cool down stations 216 and 218. In the 
exemplary tool, correction for drift is preferably performed in the wafer handling 
chamber 225, between the load lock chambers 220, 222 and the cool down stations 216, 
218, preferably near the cool down stations 216, 218. 

10 Figure 2B shows a schematic view of the robot 214 of this processing tool. A 

wafer 210 is held by the end effector 224 while the robot arm is extended or retracted. 
Parameter R represents the extent of extension/retraction of the end effector 224 relative 
to a robot origin. Parameter 0 represents the angle formed by the robot arm as it rotates. 
Another parameter z represents vertical movement (not shown). The method and 

15 apparatus of this embodiment are described in the context of the preferred robot and 

coordinate system, illustrating compensation for wafer drift from a nominal wafer 
position (described below) by adjusting the movement of the wafer along the direction 
of translation R and the angle of deviation 0. The skilled artisan will appreciate, 
however, that the principles and advantages described herein are readily applicable to 

20 alternative coordinate systems. 

Figure 2C illustrates a preferred location for the sensor system, proximate the 
cooling station 216. Two proportionate sensor systems 19 (described in more detail 
below) are placed in line with the robot movement toward/away from the cooling 
station 216, viewed from beneath the wafer 210. A robot is shown approaching a 

25 positioning station with the wafer 210 directly in front of and en route to the cooling 

station 216. For purposes of illustration, both a paddle 224a and a fork 224b are shown 
under the wafer 210. It will be understood that the paddle 224a is generally employed 
while transferring the wafer 210 between the load lock chambers 220, 222 and the 
cooling stations 216, 218, while the fork 224b is employed while transferring between 

30 the cooling stations 216, 218 and the process chamber 226. 
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Exemplary Sequence of Transfer 

The preferred sequence of operations of the tool described above is shown in the 
flowchart of Figure 3. Reference is also made herein to the exemplary processing tool 
of Figure 2A. The sequence illustrated by the flowchart presumes that a wafer is 

5 present on the susceptor in the reaction chamber when the sequence of the flowchart is 

initiated. First, as shown in step 300, the paddle of the robot picks up a raw 
(unprocessed) wafer from a cassette in one of the load lock chambers 220, 222. Next, 
the wafer is moved through the wafer handling chamber and a wafer centering operation 
is performed, as shown in step 305. Centering (or more generally positioning) is 

10 described in more detail below with respect to Figure 1 1 below. 

In step 310, the paddle places the centered wafer on the first cool down station 
216, which serves as a staging area in the described sequence. The end effector 224 is 
employed to remove a heated wafer from within the reaction chamber (step 320) and 
moves the wafer to the other cool down station 218 (step 330). Note that, as illustrated 

15 in Figure 2C, the robot preferably includes two end effectors: one for extending into the 

cassettes and a second one for reaching into the hot process chamber 226. In a 
commercial embodiment, a paddle is used for centering or positioning in accordance 
with the present disclosure and for transactions with the cassettes in the load lock 
chambers, while a fork or a Bernoulli wand is configured for transactions with the 

20 susceptor. When the sequence of operations is initiated with no wafer present in the 

reaction chamber, steps 320 and 330 are of course not necessary until a wafer has been 
moved to the reaction chamber. 

Next, the end effector 224 moves to the first cool down station 216, where it 
picks up the raw wafer left by the paddle in step 310, and then moves the wafer onto the 

25 susceptor 212 in the reaction chamber 226 (step 340). The paddle of the robot then 
removes the processed wafer from cooling station 218 (step 350) and another centering 
or positioning operation (step 360) is performed prior to and placing the wafer in a 
cassette within the other load lock chamber 220 (step 370). At this point, a cycle has 
been completed; as at the beginning of the cycle, a wafer is in the reaction chamber. 

30 Thus, as at the beginning of the cycle, the paddle picks up a raw wafer from load-lock 
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222 (step 300), the wafer centering or positioning operation is again performed (step 
305), and the centered raw wafer is placed on cooling station 216 (step 310). 

As noted above, a centering step is preferably carried out prior to placing the raw 
wafer on the cool down or staging station 216. Thus, the sensors used in the centering 
5 step are preferably placed in the vicinity of cool down station 216. Another set of 

sensors can also be placed at the other cool down station 218 for centering prior to 
taking a processed wafer back to the load lock cassettes. However, these are only 
examples, and the centering step may be conducted at other locations. The skilled 
artisan will appreciate that the centering operation may be conducted in other process 

10 tools and at other stages of a processing sequence. For example, centering may be 
conducted just prior to placing the wafer into the reaction chamber. In a batch 
processing system, centering may be useful during loading of a wafer boat prior to 
processing. The details of the placement and orientation of the sensors in the exemplary 
reaction chamber are described below. 

15 Preferred Proportionate Sensor System 

Figure 4 shows an exemplary proportionate sensor 19 for use in the drift 
calculation and compensation method. Such proportionate sensors are available from 
companies such as Keyence Corp of Japan, LMI of Canada, Panasonic of Japan, etc., 
and can be referred to as laser through beam sensor (LTBS) systems. Each sensor 19 

20 includes a transmitter 20 and a receiver 22. The transmitter 20 includes a laser which 

shines a ribbon-like beam 24, and the receiver sensor 22 produces a voltage 
characteristic of the amount of light 26 that reaches it. The voltage response is linear 
and inversely proportional to the area of the laser beam 24 that is blocked by the edge of 
a workpiece 30, such as the silicon wafer shown in Figure 6. The voltage measurements 

25 and various known constants are then used in the preferred positioning operation to 

calculate the position of the wafer, described below with respect to Figure 11. The 
present embodiment employs LX2-10 sensors produced by Keyence Corp., which have 
dimensions of 10 mm by 1 mm; however, this is only an example, and proportionate 
sensors of different sizes may be employed. 

30 Figure 5 shows the voltage response of the receiver sensor as a function of the 

area of the laser beam blocked by the wafer. For purposes of the calculations herein, it 
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is assumed that the area is proportionate to the length of the beam blocked, and the 
effect of a non-perpendicular object edge (such as a round wafer) intercepting a different 
area than a perpendicular edge is ignored. Accordingly, the lateral width of the beam is 
ignored for purposes of the calculations herein. When the entire laser beam reaches the 
5 receiver, the sensor gives its maximum voltage output (5 volts for the exemplary 

sensor). The voltage decreases linearly as the laser beam interception increases. When 
the beam is completely blocked and no light reaches the receiver, the voltage is zero. 

Thus, when an object 30 partially blocks the beam, if the location of the sensor 
19 is known, it is possible to determine the location of the object edge by measuring the 

10 voltage output. An output of 0 indicates that the entire beam is eclipsed; an output of 5 
indicates that the edge has not intercepted the beam; an output of 2.5 volts (half the 
maximum output) indicates that the edge is located 5 mm (half the beam length) from 
the front end of the beam; an output of 3.0 volts indicates that the edge is located 6 mm 
from the front end of the beam; etc. 

15 A preferred arrangement of two such sensors 19 is shown in Figure 6. Each 

sensor 19 comprises a transmitter 20 that transmits a ribbon-like laser beam 24 in the 
direction of a receiver 22. The laser beam is oriented with its long dimension (10 mm in 
the illustrated embodiment) along a longitudinal direction 28, which coincides with the 
desired line of robot translation in normal operation. As discussed below, the robot can 

20 deviate from this translation direction during operation. The two sensors 19 are 

installed such that the edge of a silicon wafer 30 at a wafer centering station partially 
intercepts the laser beams 24 at some point along the wafer trajectory while carried by 
the robot end effector. At that point, only unblocked portions 26 of the transmitted laser 
beams 24 reach the receivers 22. The centering or positioning mechanism uses the 

25 readings of the sensors 19, compares these readings to readings expected if the wafer 30 

had been properly positioned on the robot end effector, and the difference is used to 
adjust the wafer position prior to placement at its next destination. As noted, the 
preferred position drift calculation and adjustment process is discussed below in more 
detail with respect to Figure 11. 
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System Set-Up, Including Sensor Alignment 

Simple though the positioning method described herein is, its accuracy is based 
on an important assumption, that the axes of two optical sensors parallel to each other 
and to the robot's translation axis. These sensors can installed on the tool housing using 
5 mechanical fixtures to make the planes of cases housing each LTBS system parallel to 

one another and to a best guess for the translation axis of the robot. In order to improve 
the accuracy of measurements made with these systems, the present invention provides 
a method of simply and accurately ensuring that the long axes of the laser beams and the 
normal translation direction of the wafer robot are all parallel using the sensors 

10 themselves. 

Figure 7 is a flow chart illustrating a set-up process for calibrating the robot, 
including a step of aligning the sensors. Initially, a reference wafer is used to establish the 
nominal positions of the susceptor, the centering station (nominal (9 and z positions only), 
the cool down stations, load lock cassettes and any other position that the system needs. 

15 The reference wafer is manually placed 400 at the center of the susceptor (which has 

already been properly positioned) within the process chamber. When the reference wafer 
is picked up by the robot, it is properly centered upon the end effector, such that the 
positions to which it is moved are nominal positions. The wafer is then moved 410 by the 
robot to each of the cool down or staging stations, the centering station and each of the 

20 load lock cassettes. The positions are recorded as nominal positions within the chosen 
coordinate system. Using the reference wafer, the sensor alignment process 420 is then 
conducted. This alignment process 420 is shown in more detail in Figure 8 for one of the 
sensors. 

Figure 8 is a flow chart that describes a preferred alignment method for aligning 
25 a proportionate sensor so that its longitudinal axis is parallel to the direction of robot 

translation. In Figure 8, each sensor 19 is referred to as a laser through beam sensor 
(LTBS) system. The general translation direction of the robot is determined. As part of 
the initial setup, the sensor system is installed so that the longitudinal direction of the 
ribbon-like beam is roughly parallel to the translation direction, by an eyeball 
30 approximation. The end effector of the robot picks up 500 a reference wafer, which is 
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also used in determining the nominal positions for the larger process of Figure 7. In the 
next step 510, the robot moves the wafer to a first position, /?„ where the leading edge of 
the wafer intercepts a rear portion of the laser beam, and the receiver sensor measures a 
voltage v 2 . Under computer control, the robot moves 520 the wafer until the trailing 
5 edge of the wafer intercepts the laser beam so that the trailing edge of the wafer is at the 

same position as the front edge of the wafer was in the first position p } . Accordingly, 
the front portion of the beam is blocked. The front portion eclipsed should be the 
difference between the total beam area and the eclipsed by the wafer at the first position 
Pj. The computer knows this position has been reached by monitoring the voltage 

10 output and stopping the robot when the receiver sensor reads a second voltage v/, such 

that Vj = - Vj The distance (change in R) that the robot has moved to reach this 
second position, p/ 9 is recorded. In the present description, the distance traveled in this 
iteration is referred to as (pj - /?/). 

This sequence of movements in steps 510 and 520 is repeated for at least a 

15 second iteration, wherein the wafer is moved 530 to a position p 2 different from p u and 
voltage v 2 , is determined. The wafer is then moved 540 to a second position p 2 where 
v 2 ™ v max " v 2- Two such iterations, showing positions, p h p{ and p 2 , p 2 , are shown in 
the schematic plan views of Figures 9 and 10, respectively. At least these two iterations 
are performed. While only two iterations are shown in Figure 8, preferably at least 

20 three, and more preferably five such iterations are performed before the determination is 

made that the sensor is parallel to the direction of robot translation. 

If the sensor is aligned parallel to the direction of the robot movement, the 
measured distance (p l - />/) should be the same for each iteration u As will be 
appreciated, any function that depends upon this measured distance can be used to 

25 determine whether the sensor is parallel to the direction of robot translation. In the 

illustrated embodiment, the term f\ is calculated and compared for each iteration i 
because / is a measure of the lateral spacing of the sensors that will be used in the 
preferred calculations of the wafer position during operation. This can be seen in the 
Figures 9 and 10. If f\ is approximately equal for each iteration z, then the sensor is 

30 determined to be parallel to the direction of robot translation. 



Using the known wafer diameter, d (in mm.), and the positions, p h p/ 9 p 2 , p 2 ' (in 
mm.), as determined in steps 510-540 above, the parameters f h f 29 are calculated 

according to the equation: f. -^d 2 - (p. - p[) 2 for i = {1,2} as represented by steps 

550 and 560. The parameter/ is proportional to the distance between the line indicating 
5 the robot translation path and the longitudinal line of the laser beam at the point, p r 

When f } and f 2 are equal, the laser beam longitude is parallel to the robot translation 
direction. At decision box 570 the following question is asked: Is Af = | f x - f 2 1 less 
than a predetermined tolerance? Preferably, the predetermined tolerance is ±0.05 mm, 
more preferably ±0.005 mm (shown in Figure 8). If the answer is yes, the LTBS system 

10 is determined to be properly aligned 580. More preferably, five iterations are performed 
and determined to result in the same value of / for each iterations. If the answer is no, it 
is necessary to rotate 590 the LTBS system incrementally and repeat the procedure 
starting at step 510. Furthermore, if f Y > f 2 then the sensor system needs to be rotated 
clockwise, whereas if fj < f 2 then the sensor system needs to be rotated 

15 counterclockwise, assuming that the second iteration is conducted forward of the 
positions for the first iteration. It will be understood that a tolerable deviation of other 
than 0.005 mm can be set, depending upon the system's tolerance for deviation from 
parallel. 

The process of Figure 8 is separately conducted for each of the two sensors. In 
20 this fashion, the sensors are each aligned with the direction of robot translation (and 
therefore aligned parallel to one another) and the values off for each sensor (f L and Q are 
recorded. These terms are proportionate to and preferably equal to the distance between 
the sensors and the robot axis of translation (which preferably extends through the 
reference wafer center). 

25 The example outlined in the foregoing discussion and in Figure 8 is given as an 

illustration of the current invention and is not meant to limit it in any way. Although 
the example is given for a silicon wafer, this method can be adapted for other substrates 
of other type and shape. Additional iterations of the alignment steps can be performed 
to increase the number of sampled points along the laser beam, and, therefore, further 
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increase the accuracy of the alignment. Furthermore, the method can be used in systems 
with multiple sensors. 

Referring back to Figure 7, after both of the sensors are aligned using the 
process of Figure 8, a nominal centering position is next defined 430 where the 
5 centering operation will be initiated during operation. In this step 430, the reference 

wafer is used to define a position of the robot at the centering station where the 
reference wafer partially intercepts both of the sensors. The wafer is advanced along the 
appropriate robot translation axis so that the leading edge portion of the reference wafer 
partially eclipses or intercepts both of the sensors simultaneously at a selected wafer 

10 position (hereinbelow the "nominal centering" or "nominal robot" position). In 
operation, the nominal centering position is the position to which the robot is initially 
advanced during a drift determination operation. 

The nominal centering position, at which both sensors are only partially blocked 
by the reference wafer, may be obtained via an iterative process. For example, the robot 

15 may be used to move the reference wafer to a predetermined position at the centering 

station. If both sensors are unblocked at the predetermined point, the robot may be 
incrementally advanced (R increased) in the translation direction. If both sensors are 
completely blocked, the robot may be withdrawn along the line of translation. These 
steps may be repeated until both sensors are simultaneously partially blocked by the 

20 wafer. 

It is not necessary that the two sensors be blocked to the same degree. For 
example, in the present embodiment, in which the sensors output an analog voltage 
within a range of 0 V to 5.0 V, the left sensor may output 2.0 V, while the right sensor 
outputs 3,0 V, due to imperfect installation of the sensor systems. 

25 The voltages obtained at this nominal centering position are used as reference 

voltages V ref for each sensor, which will later be employed in the calculation of wafer 
drift, while the position of the robot is used as the nominal centering position in the later 
assessment of wafer drift during operation. The nominal centering position is 
preferably selected such that 0.5 V < V ref < 4.5 V. More preferably, the nominal 

30 centering position is such that 2.0 V < V ref < 3.0 V for each sensor. Most preferably, the 

reference wafer edge intercepts each sensor near the center of the sensor length, such 
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that V ref is close to 2.5 V, because such a nominal centering position results in a greater 
likelihood that slightly decentered wafers will partially eclipse both sensors during 
operation. At this point, V ref is close to 2.5 V. These preferred voltage levels can be 
prorated, as a percentage of maximum voltage, for different proportionate sensors. The 
5 reference voltages represent the location that the wafer edge is expected to intercept the 

sensor when the wafer is in the "nominal wafer position" at which the wafer is properly 
centered upon the end effector. 

If linear translation does not find a position at which both sensors are partially 
blocked with 0.5 V < V ref < 4.5 V, then the sensors are parallel but longitudinally offset 

10 by too great an amount. Preferably, the sensors are reset and the process of Figure 8 
repeated to align the sensors parallel to the direction of translation. Note that similar a 
positioning process conducted before the alignment process of Figure 11 can 
incrementally change the 0 position of the robot in order to locate the roughly installed 
sensors relative to the robot coordinate system. 

15 Furthermore, the wafer may optionally then be advanced to a second nominal 

centering position at which the two sensors are simultaneously and partially blocked by 
the trailing edge portion of the reference wafer. An iterative process similar to that 
described above may be employed to obtain the second nominal wafer position. This 
position and the reference voltages obtained from the sensors may also be used in the 

20 later assessment of wafer drift during operation. It will be understood that, in operation, 

either the front edge of the wafer or the trailing edge or both can be used to determine 
wafer drift. 

Referring again to Figure 7, initial setup also includes determining where the 
reference wafer is located when positioned at the nominal centering position. This can 
25 be done by calculating or determining 440 a parameter g, which represents the value of 

R for the center of the reference wafer at the nominal centering position. Because the 
selected manner of calculating g employs a calculation of intentionally induced wafer 
drift, the description of g calculation is deferred to follow description of drift calculation 
as used in operation. 
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Calculation of Wafer Drift Using Leading Edge Sensor Data 

The device has been fully calibrated once the steps of assessing sensor alignment 
and obtaining nominal centering position and reference voltages described above have 
been completed. The device may now be used to assess the drift of objects from the 
5 nominal position during operation, such as wafers removed from the load lock cassettes 
to be processed in the reactor. 

Referring to Figure 1 1, the robot transfers a wafer to be processed from one load 
lock cassette to the centering station. The robot is moved 600 to the nominal centering 
position. At this point, the leading edge of the wafer should partially block or intercept 

10 both of the sensors. If, at decision box 610, one or both of the sensors are determined to 

be either completely unblocked or completely blocked, the robot can be iteratively 
moved 615, until both sensors are partially eclipsed by the wafer. These iterative 
movements 615, performed to ensure that the drifted wafer intercepts both sensors, are 
referred to herein as a "dance " Note that the iterative movements can include 

15 advancement, retraction or rotation. During operation, it is no longer important that 

wafer be moved parallel to the sensors. For a margin of safety, "completely unblocked" 
is arbitrarily defined as a position at which V > 4.9 V while "completely blocked" is 
defined as a position at which V < 0.1 V for either sensor. The skilled artisan will 
appreciate that different threshold voltages can be set for this purpose. If iterative 

20 movements are required to have the wafer edge partially intercept both of the sensors, 
the computer merely records the change in robot position R d and 9 d caused by the 
"dance," and these changes are reversed during the later adjustment process. 

If both sensors are partially blocked at the nominal centering position (return a 
value between 0.1 V and 4.9 V) then it is possible to assess the drift of the wafer from 

25 the nominal position. The voltage output V L and V R are read 620. If the wafer has 

drifted from the expected or nominal wafer position upon the robot end effector, the 
sensors indicated a deviation from the V ref recorded for each sensor. Since the wafer 
geometry is known to be the same as that of the reference wafer, this deviation can be 
used to calculate the linear distance that the wafer has drifted from the nominal wafer 

30 position, and this drift can be compensated by moving the robot such that the wafer is 

placed in a manner to compensate for the drift. The skilled artisan will appreciate a 
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number of ways in which this drift and compensating movements can be calculated. 
The formulas given below are merely exemplary. 

The deviation in voltage readings are used to calculate 630 offsets A L and A R . A L 
and A R represent the linear deviations from the nominal wafer position, as measured 
5 longitudinally along the sensors (see Figure 12). A L and A R may be obtained from the 
following equation: 

Azz ^max-^min (y y\ 

V -V v f } 
max min 

Here, l max and 1^ represent maximum and minimum sensor laser beam lengths blocked 
10 by the wafer, V max and V min represent the output value of the sensors when l max and l min 
are blocked, V ref indicates the sensor output value when the reference wafer is at the 
nominal wafer position while the robot is at its nominal centering position, and V 
indicates the sensor output value when the process wafer is at the nominal wafer 
position and the sensor is thus partially blocked. For the illustrated embodiment, l max = 
15 10 mm, 1^ - 0 mm, V max = 5 V, and - 0, so that 

A-2(V ref -V) 

This linear deviation of the wafer edge intercepts with the sensors is then used to 
20 calculate 640 the positional drift of the wafer. The drift is represented by parameters 

(x l9 y x ). The values of x x and y! may be calculated from the following equations: 
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Here, f L and f R are obtained during the calibration, d represents the wafer diameter, and 
A L and A R are the linear deviation at the sensors, as derived from the measured voltage 
5 deviations. The calculated x value represents wafer drift, relative to the nominal wafer 

position (reference wafer), in the lateral direction, perpendicular to the direction of robot 
translation. The calculated y value represents wafer drift, relative to the nominal wafer 
position (reference wafer), in the longitudinal direction, along the direction of robot 
translation. 

10 Figure 12 illustrates a decentered wafer in a dotted line, and the nominal 

(expected) wafer position in a solid line. In the drawing, x represents the indicated 
wafer lateral position error, while y represents the indicated wafer extensional position 
error. 

Wafer Position Determination 

15 Referring again to Figure 7, as noted above, part of the initial setup process is 

determining 440 where the wafer is actually, relative to the coordinate system of choice, 
at the centering station. This need only be done once, using the reference wafer, during 
setup, and is thus not part of the drift calculation process of Figure 1 1 . Having 
described the drift calculation, the determination 440 of g can be better understood. 

20 The parameter g represents the distance between the reference wafer in the 

nominal centering position and the coordinate system origin (pivot of rotation of the 
robot). This is measured/calculated because the robot parameter i?, which is presumed 
known at all times, is measured relative to the tip of the end effector and not to a 
centered wafer position. In the preferred embodiment, the parameter g is preferably 

25 obtained in the following manner. The reference wafer is placed at the centering station 
and is rotated through a small angle 8 with respect to the position of the robot. This 
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small rotation creates an artificial drift that can be calculated as described above for the 
calculation of wafer drift during operation. The value of lateral induced drift x g is then 
obtained using the equations for s and x above. The value of g can then be determined 
by substituting the value of x g obtained into the following formula: 



sin# 

5 

Note that this value of g may be obtained either at the first or second nominal wafer 
position, and this difference may be represented by g x and g 2 ; in correcting the drift, the 
g value employed should match position at which the data relating to the process wafer 
were obtained. For better accuracy and precision, this procedure can be repeated for 

10 different values of 6. 

Calculation of Wafer Drift Using Trailing Edge Sensor Data 

If reference values were obtained at the trailing edge portion of the reference 
wafer during the calibration process, the wafer to be processed may instead or 
additionally be advanced to the second nominal centering position, at which the sensor 

15 voltages are recorded. 

The device determines the values x 2 and y 2 using the sensor voltages obtained at 
the trailing edge of the wafer in the manner described above, except that, in the 
equations employed, f L and f R need to be exchanged, A L and A R need to be exchanged, 
and the sign of A L , A R , and y needs to be changed, because of the geometry of the round 

20 wafer. 

The drift of the wafer calculated using the trailing-edge values is represented by 
(x 2 , y 2 ). If both leading edge and trailing edge data are collected, the measured drifts at 
both edges can be compared. The calculated drift should at least approximately 
coincide. If this is the case, (x 1? y^ and (x 2 , y 2 ) may be optionally averaged, and the 
25 resulting (x avg , y avg ) may be used as the measure of wafer drift. If only the trailing edge 

data is employed, the wafer drift is taken as (x 2 , y 2 ). 
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Adjustment for Wafer Drift 

Referring again to Figure 1 1, once the drift has been obtained, the robot may be 
adjusted so as to compensate for the drift and accurately position the wafer for later 
processing. Thus, adjustments to the robot path are calculated 650. In the illustrated 

5 embodiment, these adjustments take the form of adjustments to the robot position 

parmeters R and 0, as indicated by the formulae below. The formulae below assume the 
adjustment is performed at the centering station using the g parameter that indicates 
position of the wafer, as discussed above. When (xj, yj) is employed as the wafer drift 
parameters, the g parameter used is that calculated using data obtained at the first 

10 nominal centering position (using the wafer front edge), while when (x^ y2) is 
employed as the wafer drift parameters, the g parameter used is that calculated using 
data obtained at the second nominal centering position (using the wafer trailing edge). 
When (x aV g, y a vg) * s use d, the g parameter is also averaged. AR indicates the 
compensating change along the translation axis, while AG indicates the compensating 

1 5 change in angular position. Furthermore, x may represent either xj or X2, and y may 

represent either yj or y2, or these may be averaged values. Similarly, g may represent 
gl> g2> or 311 averaged g value g avg . 

AR = g-^x 2 +(g + y) 2 -R d 
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Rd and 0 d represent changes to the robot position incurred during a "dance" to ensure 

interception of a drifted wafer's edge with both sensors. 

Correction of drift may alternatively be performed at the centering station or at 

any other location. An example thereof is adjustment at to staging or cool down station 

just before wafer drop-off. For drift compensation at a location other than the centering 

station, it is determined how far the robot has extended or retracted (change in R) from 

position g. This extension or retraction is represented by the value <5. The 
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compensation parameters AR and AG at this extended/retracted position are calculated 
by substituting (g + 5) for g in the above equations. 

It is preferable that all measurements, both during calibration and during the 
determination of wafer drift, be taken a number of times and the results averaged, in 
5 view of the nature of analog sensors and the high sensitivity of laser sensors. The 
number of measurements which should be taken for any value depends on the field 
conditions and the analog input boards used, as well as the averaging method adopted 
for the application. Furthermore, all quantities employed in the equations above are 
based on the SI unit system. 

10 One advantage of the method of wafer sensor alignment is that the approach has 

been derived and proven rigorously in mathematics and is not empirical. The 
calculation requires only a minimum number of independent variables that are easy to 
measure accurately, ensuring that the result is accurate. The method is reliable. It does 
not require complicated software or complicated mechanical adjustments. The 

15 hardware is all commercially available, inexpensive, compact and easy to install. The 

method is flexible because drift is detected and corrected by comparison to a designated 
reference wafer, rather than absolute wafer position measurements which are heavily 
reliant upon the robot, its position and its spatial relation to fixtures in the tool. The 
method does not require any particular transport robot; nor any real-time signal 

20 acquisition. Existing wafer processing equipment can be easily retrofitted with the 

system. The system can be scaled to different wafer sizes and can be used in 
applications requiring the sorting of wafers or aligning of wafers according to flat or 
notch orientation. The system could also be used to detect the roundness of a wafer or 
the dimensions of a wafer, such as its diameter. 

25 Notch/Flat Detection 

Today's SEMI standard calls for wafers with one notch or flat. If desired, the 
system described herein can be arranged to accommodate wafers with notches or flats at 
the front edge or trailing edge of the wafer. If a notch or flat is at the front edge, the 
trailing edge of the wafer can be used in determining wafer drift. If the notch or flat is 

30 at the trailing edge of the wafer, the front edge of the wafer can be used in determining 
drift. 
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More preferably, the wafers are arranged such that neither the notch nor flat 
interferes with either the front or trailing edge when properly oriented. If the notch or 
flat does interfere with calculation, then the wafer is misoriented. The wafer is therefore 
preferably returned to the cassette from which it came and is not further processed. 
5 The device can also determine that the wafer is misoriented; for example, a 

misoriented flat or notch may have been sensed. According to the SEMI standards, 
wafers normally have one flat or notch. As noted in the previous paragraph, it is 
preferable to arrange the system such that the flat or notch does not interfere with the 
operation of the sensors at either the leading edge or the trailing edge of the wafer, when 
10 properly oriented. However, because of the variations in position within the cassette 

which were described above, in some cases the flat or notch may be present in the 
sensor path. 

If both leading edge and trailing edge data are collected, the measured drifts at 
both edges can be compared. The calculated drift should at least approximately 

15 coincide. However, if the wafer a flat or notch was present at one of the sensors at the 

leading or trailing edge, (x l5 y t ) and (x 2 , y 2 ) will be considerably different. Thus, if the 
difference between (x 1? y^ and (x 2 , y 2 ) is within a specified range (for example, less than 
about 0.5 mm) then no flat or notch was sensed. On the other hand, if the difference 
between (x 1? y^ and (x 2 , y 2 ) is not within the specified range (in the present 

20 embodiment, greater than about 0.5 mm), then a flat or notch has been sensed at either 

the leading or trailing edge, and the wafer is removed to the original cassette and not 
further processed. 

It will be appreciated by those skilled in the art that various omissions, additions 
and modifications may be made to the processes described above without departing 
25 from the scope of the invention, and all such modifications and changes are intended to 

fall within the scope of the invention, as defined by the appended claims. 
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